Introduction {#s1}
============

The Acute Care Surgery (ACS) model is a relatively new concept in surgical care delivery that has become widely popular in the USA in the last decade.[@R1] This concept fuses the services of trauma, critical care, and emergency general surgery and has been increasingly adopted by trauma centers.[@R2] Right upper quadrant pain arising from biliary etiologies is a common indication for surgical consultation and is within the typical scope of ACS practice.[@R4]

Laparoscopic cholecystectomy (LC) is a frequently performed operation and is the gold standard for the treatment of many biliary disease processes such as cholelithiasis and cholecystitis.[@R5] Well-recognized complications of laparoscopic cholecystectomy include bile leak, common bile duct injury, hemorrhage, retained gallstone, and wound infections.[@R7] Although these complications and associated risk factors have been well studied, limited literature exists evaluating risk factors for perioperative complications in this newer setting of an ACS service, which runs on a team-based concept with changing primary surgeons on call day to day. The aim of this study is to identify demographic and perioperative factors associated with complications of laparoscopic cholecystectomy on a contemporary ACS service.

Materials and Methods {#s2}
=====================

After approval by the Wright State University Institutional Review Board, a retrospective review of an operating room database was used to identify all patients who had undergone LC by the Wright State University Department of Surgery (WSU-DOS) ACS service at Miami Valley Hospital, Dayton, Ohio between January 2014 and February 2016. This hospital is an American College of Surgeons Level I Trauma Center that has used the ACS model since 2005. All patients 18 years of age or older who underwent LC while admitted to the service, for any indication, were included. Patients with planned open cholecystectomy were excluded.

Demographic and perioperative variables were age, gender, body mass index (BMI), pregnancy status, surgical indication, surgical procedure, use of an intraoperative cholangiogram, surgeon years in practice, conversion rate (laparoscopic to open), length of operation, and time of day operation. Attending surgeon experience was stratified as less than 5 years, 5 to 10 years, and greater than 10 years after residency/fellowship training. Time of day of the operation was defined as "daytime" from 07:00 to 19:00 and "after hours" from 19:01 to 06:59. Complications considered were postoperative hemorrhage, bile leak, major bile duct injury, organ injury, infection, and retained stone. Conversion to open cholecystectomy was not considered a complication in this study but rather an indicator of the severity of the patient's disease process. The timeframe for reported complications was 90 days from operation.

Major bile duct injury was defined as an injury to the common bile duct, common hepatic duct, or the right or left hepatic ducts.

Means and SD were reported for continuous variables and counts and percentages for categorical variables. The Mann-Whitney U test was used for comparisons involving two groups and a second variable measured on a continuous scale. Fisher's exact test or the χ^2^ test was used to examine the relationship between two categorical variables. Inferences were made at the 0.05 level of significance with no corrections for multiple comparisons. Analyses were conducted using IBM SPSS Statistics V.23.0.

Results {#s3}
=======

During the 26-month study period, 547 patients who underwent LC with the ACS service were identified. Demographic and perioperative characteristics are shown in [table 1](#T1){ref-type="table"}. The majority of patients were women (70.2%) with mean age 46.1±18 and mean BMI 32.4±7.8 kg/m^2^. Eleven patients (3%) were pregnant. LCs were performed for the following indications: acute cholecystitis (43.3%), symptomatic cholelithiasis (28.9%), chronic cholecystitis (8.6%), gallstone pancreatitis (5.7%), choledocholithiasis (4.9%), and biliary dyskinesia (3.8%).

###### 

Demographic and perioperative characteristics for 547 laparoscopic cholecystectomy patients

  Gender, female, % (n)                          70.2 (384)
  ---------------------------------------------- ------------
  Age, years, mean±SD                            46.1±18.1
  BMI, kg/m^2^, mean±SD                          32.4±7.8
  Operative indication % (n)                      
   Acute cholecystitis                           43.3 (237)
   Symptomatic cholelithiasis                    28.9 (158)
   Chronic cholecystitis                         8.6 (47)
   Gallstone pancreatitis                        5.7 (31)
   Choledocholithiasis                           4.9 (27)
   Biliary dyskinesia                            3.8 (21)
   Other\*                                       4.8 (26)
  Attending surgeon level of experience, % (n)    
   \<5 years                                     8.0 (44)
   5--10 years                                   8.6 (47)
   \>10 years                                    83.4 (456)
  Time of day of operation, % (n)                 
   Daytime (07:00--19:00)                        94.3 (516)
   After hours (19:01--06:59)                    5.7 (31)
  Length of operation, min, mean±SD              77.9±50.2

\*Other indications included gangrene, cholangitis, gallbladder polyp, pain.

LC was the sole procedure performed in 76.4% of the cases whereas 23.6% of patients had additional procedures (eg, umbilical hernia repair, liver biopsy). Intraoperative cholangiography (IOC) was used in 11.3% of cases. General surgery residents were involved in all cases and were supervised by one of 11 attending surgeons in the WSU-DOS ACS practice. Most surgeons had more than 10 years of experience (83.4%) with 8.6% having between 5 and 10 years in practice, and 8.0% having less than 5 years. Mean operative time was 77.9±50.2 minutes with only 5.7% of operations performed "after-hours." Thirty-three (6%) patients were converted to an open procedure.

[Table 2](#T2){ref-type="table"} shows complications within 90 days of the procedure: bile leak (3.8%); superficial, deep, and intra-abdominal wound infection (3.8%); organ injury (1.1%); retained stone (1.1%); postoperative bleeding (0.9%); and major bile duct injury (0.9%). Organ injuries included uterus, small bowel, and colon injuries associated with entry into the abdomen or dissection. Mortality was 0.4% with two deaths in the study population, both from septic shock.

###### 

Complications for 547 laparoscopic cholecystectomy patients

  Complications, % (n)     
  ------------------------ -----------
  Bile leak                3.8 (21)
  Infection                3.8 (21)
  Retained gallstone       1.1 (6)
  Other organ injury       1.1 (6)
  Postoperative bleeding   0.9 (5)
  Major biliary injury     0.9 (5)
  Mortality, % (n)         0.004 (2)

All the bile leaks identified occurred from the cystic duct stump. In all, five patients (0.9%) had a major bile duct injury, which were all recognized intraoperatively during the LC, prompting conversion to an open procedure and an immediate repair. Of the six organ injuries (1.1%) that arose from entry into the abdomen or dissection, all were recognized and addressed immediately except in one case where there was delayed recognition. All other 23 conversions to an open operation were due to the surgeon's clinical decision to convert.

Statistical analysis demonstrated significant relationships between conversion to open cholecystectomy and bile leak (p=0.032), infection (p=0.001), organ injury (p=0.045), bleeding (p=0.002), and major biliary injury (p=0.002). Length of surgery was also associated with multiple complications including bile leak (p=0.003), infection (p=0.001), organ injury (p=0.001), bleeding (p=0.012), and major biliary injury (0.001). Surgical procedure type was statistically related to infection (p=0.015), retained gallstone (p=0.003), and organ injury (p=0.003). Utilization of IOC was associated with retained gallstone (p=0.022), gender was associated with postoperative bleeding (0.029), and age was associated with infection (p=0.004.). No significant relationships were identified between BMI, pregnancy, attending years in practice or time of day of the operation, and any complications.

Discussion {#s4}
==========

Since its advent, the ACS model has demonstrated its suitability for the management of acute biliary disease requiring laparoscopic cholecystectomy. Multiple studies have demonstrated improved timeliness, cost-efficiency, and outcomes for cholecystectomy on ACS services compared with pre-existing traditional general surgery models.[@R10] The intent of this study was to evaluate the relationship between 11 risk factors and six complications in the setting of an ACS service. Identifying risk factors for complications after LC would permit improved patient selection, preoperative patient optimization, intraoperative surgical decision-making, and postoperative surveillance. This study also sought to determine if this ACS model has resulted in more complications that have traditionally been reported.

The study demonstrated a significant association between multiple complications and conversion rate as well as length of surgery, which is a clinically intuitive finding as one would expect more complicated cases to necessitate conversion more often, require more time, and be prone to more complications. Likewise, the statistical relationship between procedure type and several complications may reflect the need for adjunct procedures, such as lysis of adhesions, enterotomy repair, and common bile duct exploration, in the setting of more complex disease processes.

At our institution, IOC is selectively used at the discretion of the surgeon based on surgical indication and personal preference; no surgeons in this group routinely used IOC for all LCs. The association between IOC and retained stones may reflect its increased use in cholelithiasis-associated diseases. Additionally, the lack of other significant complications associated with its use supports its utilization on a selective rather than routine basis.

Some of the findings have statistical significance with unclear clinical use. The relationship between gender and postoperative bleeding demonstrated that male patients had increased episodes of postoperative bleeding, though a relatively small proportion of patients in the study group were men (29.8%). Additionally, a significant association between age and infection was appreciated with infections occurring in an older population. The average age of the population with infections was 56.7 years (±15.4) compared with the patients without infections with average age of 45.7 years (±18.1). At this phase of study, these findings appear to have limited clinical applications.

The study failed to demonstrate significant complication rate associated with factors such as pregnancy or BMI. Surgeon years in practice also were not a significant factor for complications suggesting that LCs are performed just as safely by junior surgeons as by their senior counterparts. The majority of LCs were performed during conventional daytime hours with no increased complications in the small subset performed outside routine hours (19:00 to 06:59)---5.7% of cases. Although there is no dedicated "add-on" room at our institution, there is a reasonable mechanism to ensure the vast majority of the cases occur during the day. Regardless, as demonstrated in the results above, there was no difference in complication rate based on the time of day of the operation.

Overall, the aforementioned complication rates in this Acute Care Model are comparable or lower than published on similar study populations.[@R13]

Limitations of this study include its retrospective design, single-site setting, a relatively brief timeframe for the study period (26 months), and a somewhat narrow postoperative follow-up period (90 days). In addition, although 11 important predictors of complications from laparoscopic cholecystectomy were evaluated, other risk factors could have been included. None of the laparoscopic cholecystectomies used single-port or robotic technologies. Also, the study did not assess length of stay, compare the laparoscopic versus open length of operation, cost, or additional sources of morbidity.

Conclusions {#s5}
===========

On our ACS service, LCs are a frequently and safely performed procedure with low complication and conversion rates. Statistical analysis demonstrated 13 statistically significant relationships between various complications and risk factors with either clinically self-evident or of limited clinical significance. ACS services provide an excellent setting for management of acute biliary diseases. As more hospitals look to adopt the ACS model combining trauma care with emergency general surgery, these data provide useful information to assure to the maintenance of quality and low complication rates with the model.
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